Abstract: We examine the evidence for Purchasing Power Parity using post Bretton Woods exchange rate data for twenty industrialized countries. The two tests we use are covariate tests for stationarity where the null hypothesis of stationarity is tested against the unit root alternative. These tests are generalizations of existing univariate stationarity tests and improve the power of univariate tests by utilizing information contained in related stationary covariates. We conclude that PPP holds for 17 out of the 20 countries tested. The unique course offerings create an interdisciplinary, interactive learning environment that facilitates the exchange of ideas among U.S. and international participants in Monterey, California, and locations worldwide. These programs are presented on a regularly scheduled basis at DRMI in Monterey and by specific arrangement at other locations in the United States and in other countries.
Defense Resources Management Institute Naval Postgraduate School
The Defense Resources Management Institute (DRMI) is an educational institution sponsored and supervised by the Secretary of Defense and located at the Naval Postgraduate School in Monterey, California. Since 1965 the Institute has conducted professional education programs in analytical decision making and resources management for military officers of all services and for senior civilian officials of the United States and 162 other countries.
The mission of the Defense Resources Management Institute is to educate civilian and military government officials in the principles and concepts of defense resources management.
The unique course offerings create an interdisciplinary, interactive learning environment that facilitates the exchange of ideas among U.S. and international participants in Monterey, California, and locations worldwide. These programs are presented on a regularly scheduled basis at DRMI in Monterey and by specific arrangement at other locations in the United States and in other countries.
The success of DRMI reflects the breadth and depth of the in-house technical expertise that DRMI can draw upon. The DRMI faculty, a community of scholars and practitioners, are experts in defense resources management and has published in major academic and technical journals. The faculty has extensive experience in providing technical assistance and educational programs worldwide over the past 40 years. Our educational strategy is one of collaboration, tailored to the specific environment of the participant.
The Defense Resources Management Institute specializes in four broad educational areas:
• Economic analysis of the public sector • Operations research of public sector decision problems • Public budgeting and fiscal management • Defense organizations and management methods For more information about our educational and technical assistance activities, please visit our website at http://www.nps.edu/drmi or email us at drmiadmin@nps.edu.
Introduction
Purchasing Power Parity (PPP) has been studied extensively because of its importance as a basic tenant of established macroeconomic theory. Even though it is recognized that PPP does not hold as a short run condition, there is growing evidence in the literature to support it as a long run condition
The time series implication of PPP is the reversion of the exchange rate to a constant mean. Dickey and Fuller (1979) , the generalized least squares ADF (DF-GLS), and the Point Optimal tests (PT) of Elliott, Rothenburg, and Stock (1996) , have had mixed results in their application to PPP with the U.S. dollar as numeraire. Very few rejections are reported using the ADF test. Cheung and Lai (2000) , Wu and Wu (2001), and Papell (2002) report 0 or 1 rejection out of 20 industrialized countries at the 5% significance level. Amara and Papell (2003) report 4 rejections using the PT test and 3 rejections using the DF-GLS test at the 5% significance level. The explanation for the low rejection rates has been the low power of these tests over the relatively short time span of data, less than 30 years.
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In an effort to increase power of unit root tests, longer data sets that mix both fixed and flexible exchange rates are also used. Frankel (1986) , Lothian and Taylor (1996) , Taylor (2002) , and Lopez, Murray, and Papell (2002) Hansen (1995) develops the covariate ADF test (CADF). The CADF test essentially modifies the ADF test by using covariates. Caporale and Pitts (1999) apply CADF to Nelson and Plosser (1982) U.S. macroeconomic data and reverse the finding of a unit root in most cases. Amara and Papell (2003) apply the CADF to post Bretton Woods real exchange rate data and reject the unit root null at the 5% level for 2 countries and for 2 additional countries at the 10% level. The covariate feasible point optimal test (CPT) of Elliott and Jansson (2002) , which modifies the PT test, also uses stationary variables to increase power.
The CPT results in stronger evidence of PPP than is found without covariates and also stronger evidence than with the CADF test. Elliott and Pesavento (2001) reject the unit root at the 5% significance level for 3 countries and at the 10% level for 1 country out of a total of 7 countries tested. Amara and Papell (2003) reject the unit root for 16 developed countries at the 5% significance level and 2 at the 10% level out of 20 countries tested.
The second family of tests, stationarity tests, reverses the null and alternative hypotheses of the unit root tests. The stationarity test examines the null hypothesis of level or trend stationarity, I(0), against the alternative of difference stationarity, I(1).
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The tests most widely used are those of Kwiatkowski, Phillips, Schmidt, and Shin (1992) (KPSS), Saikkonen and Luukkonen (1993) , and Leybourne and McCabe (1994 Amara and Papell (2003) where they reject the unit root null for 18 out of 20 countries for real exchange rates.
In Section 2, we provide an overview of the covariate stationarity tests. Section 3 presents the results of testing for PPP using real exchange rates, the results of a robustness test, and compares the findings to those of the CPT test. Section 4 concludes.
Overview of the Covariate Augmented Jansson Tests for Stationarity
The stationarity tests proposed by Jansson (2002) The concept of using covariates to enhance the power of stationarity tests is similar to that used in Hansen (1995) and Elliott and Jansson (2002) that use covariates to enhance the power of unit root tests.
The initial condition for the error process is and the generating mechanism for the error where is a stationary I(0) process.
Next, consider a time series of stationary covariates, where is the deterministic component and is an unobserved stationary I(0) process. 
Results

. Stationarity of covariates
We run both the covariate point optimal test and the locally optimal test to test for stationarity using quarterly, nominal, average of period exchange rate data for twenty industrialized countries. The choice of covariates used is motivated by macroeconomic theory. The covariates are a combination of income, money, inflation, and current account variables. The covariates used are:
-The growth rate of U.S. income .
-The growth rate of home country income .
-The growth rate of U.S. money supply .
-The growth rate of home country money supply .
-The growth rate of U.S. inflation .
-The growth rate of home country inflation .
-The growth rate of the current account of the home country relative to income of the home country .
Since only stationary covariates can be used, each covariate for every country is tested for stationarity using ADF and DF-GLS tests. The non-stationary covariates are discarded.
All the covariates are stationary for Australia, Austria, Belgium, Canada, Denmark, France, Germany, Greece, Ireland, Japan, Netherlands, New Zealand, Spain, Switzerland, and the U.K.
Finland's nonstationary covariate is the growth rate of home country income. For
Italy, the nonstationary covariates are the growth rate of home country income, and the 7 The Bartlett kernel and lag truncation of 12 are used to allow comparison with Caner and Kilian (2001) . Lag truncation of T is used to maintain consistency with Jansson (2002) . We propose to regenerate the data using the Quadratic spectral kernel and prewhitening as recommended by Jansson (2002) .
growth of home country money supply. Norway is nonstationary for the growth rate of home country income. Portugal data is nonstationary for the growth rate of home country income, and the current account covariate. Sweden data is nonstationary for the growth of home country money supply.
Testing Using Real Exchange Rates
Using real exchange rates, we find overwhelming evidence of PPP. All countries fail to reject stationarity for various combinations of covariates. We begin to see evidence of stationarity in the exchange rates for Canada and Japan where in previous studies these two countries in particular always exhibited unit root behavior. Tables 1 and 2 present the results of testing using the real exchange rates.
Austria, Belgium, Finland, France, Germany, Greece, Italy, the Netherlands, New
Zealand, Norway, Portugal, Spain, Sweden, Switzerland, and the U.K. real exchange rates are stationary for all covariates.
Using the Locally Optimal test, Australia is not stationary for both truncation lags for the change in U.S. inflation and for truncation lag T for the change in home inflation..
Canada is not stationary for the change of home country inflation, the change of U.S.
inflation, and the growth of the home country money supply using the Locally Optimal test for truncation lag T.
Denmark is not stationary using the growth rate of the home country income, and the current account covariate for both truncation lags of the Point Optimal test. It also rejects stationarity for both truncation lags for the Point Optimal using the growth rate of the home country income.
growth of home county inflation.
Japan rejects stationarity for both truncation lags of the Locally Optimal test for the growth of U.S. inflation and the current account covariate. It also rejects stationarity for truncation lag 12 of the Locally Optimal test for the growth of home country inflation.
With the real exchange rates, we fail to reject the null of stationarity for all 20 countries for varying combinations of stationary covariates for each country. Amara and Papell (2002) find evidence of PPP for 19 countries using the CPT test. Canada is the only country which fails to reject the unit root. Culver and Papell (1999) fail to reject the null of stationarity for 17 countries using KPSS and a truncation lag of 12. The countries that reject the null of stationarity are Australia, Ireland, and Japan.
Testing Nominal Exchange Rates
We also run Jansson's stationarity tests for nominal exchange rates for test validation and as an indication of the test behavior. It is generally accepted that the nominal exchange rate is not stationary. So if over the same time period, the stationary null can not be rejected for the real exchange rates and the nominal exchange rates, the failure to reject for the nominal rate can be construed as an indication of low power of the tests. Table 3 and 4 present the results of the stationarity tests using nominal exchange rate data.
A point of interest is the much higher frequency of rejection of stationarity using the locally optimal test as opposed to using the point optimal test. Jansson (2002) notes that even as the sample size increases, power increases but remains low in the case of the point optimal test. He points out that the locally optimal test is likely to outperform the point optimal test in cases where the time series data is highly persistent.
Of the 20 countries tested, 17 countries using stationary covariates reject stationarity using the nominal exchange rates and fail to reject stationarity using the real exchange rates. We can safely say that these countries exhibit evidence of PPP. Belgium, Ireland, and Norway are the 3 countries that fail. It is important to note that the evidence of mean reversion, when both real and nominal exchange rates are considered, is stronger using CPT with more covariates contributing to evidence of PPP. This calls into question the power and size of Jansson's stationarity tests.
Univariate stationarity tests are demonstrated to have large size distortions in highly persistent stationary processes as documented by Caner and Kilian (2001) . Since most processes in empirical macroeconomics tend to be highly persistent, very little is learned from the test except in the case of a rejection of stationarity. Due to the size distortions, the results obtained from stationarity tests may contradict those obtained by applying unit root tests. Caner and Kilian use size adjusted critical values to circumvent the problem of size distortions. They apply the KPSS to quarterly real exchange rate data and find only one rejection of the stationary null for Japan using a half life of 5 years. However, they caution against interpreting this as convincing evidence of long run PPP since the power of KPSS after size corrections may fall as low at 20% at the 5% level.
Conclusion
We have taken Jansson's tests for stationarity and applied them to post Bretton
Woods exchange rate data for 20 industrialized countries. The results of the locally optimal and the point optimal test for the real exchange rate data are very encouraging.
We fail to reject stationarity for all countries using real exchange rates and we reject stationarity for 17 countries using nominal rates. Reconciling the results from both real and nominal exchange rates, we can support PPP for 17 countries. The results for the 17 countries can be collaborated by univariate and covariate unit root tests
While there are obviously gains from using the covariate stationarity tests, we conclude that further simulation work needs to be done to understand the power and size distortion of these tests. Size adjusted critical values based on plausible assumptions about half life deviations from PPP need to be calculated and their effect on the results assessed.
